Abstract. In this paper, we propose two important improvements of an existing approach for automatically segmenting the walls of retinal arteries of healthy/pathological subjects in adaptive optics images. We illustrate the limits of the previous approach and propose to (i) modify the pre-segmentation step, and (ii) embed additional information through coupling energy terms in the parallel active contour model. The interest of these new elements as well as the pre-segmentation step is then evaluated against manual segmentations. They improve the robustness against low contrasted walls and morphological deformations that occur along vessels in case of pathologies. Noticeably, this strategy permits to obtain a mean error of 13.4 % compared to an inter-physicians error of 17 %, for the wall thickness which is the most sensitive measure used. Additionally, this mean error is in the same range than for healthy subjects.
Introduction
Arterial hypertension and diabetes mainly and precociously affect the physiology and the structure of retinal blood vessels of small diameter (i.e. less than 150μm). According to the Public Health Agency of Canada, these chronic diseases affected 15 to 20% of the world's adult population in 2009. Hypertensive retinopathy (HR) and diabetic retinopathy (DR) are common ocular complications of the above diseases. The lesions caused by these complications include diffuse or focal narrowing, or dilation of the vessel and of the wall. Although HR and DR do not present early warning signs, they are predictive of endorgan damage such as stroke or visual loss [1, 4] . In [8] , the authors estimate that 98% of visual damages could be avoided if DR was treated in time. Accurate measurements of walls are therefore necessary to better prevent the DR This work is funded by the ANR project ANR-12-TECS-0015-03 (2013 -2015 . and the complications of the HR. Fundus photographs and Doppler-based measurements cannot however resolve the vessel walls due to their limited spatial resolution. Adaptive Optics (AO) is a recent opto-electronic technology that improves the resolution of fundus photographs. AO-based cameras permit to visualize microstructures such as vascular walls [2], noninvasively. In the present study, the rtx1 camera [9] is used to acquire 2D images by flood illumination at 10Hz using a 850nm LED light source with a pixel-resolution of 0.8μm. These images are registered and averaged to increase the signal-to-noise ratio [6] . In the resulting images, blood vessels appear as dark elongated structures with a bright linear axial reflection, over a textured background. Outer borders of walls are however only visible along arteries and the present study will focus on them. Parietal structures (arterial walls) appear as a gray line along both sides of the lumen (blood column), with a thickness of about 15% of it [5] (see Figure 1) . Segmenting the artery walls in these images is a challenging problem. For both pathological and healthy subjects, (i) the background of the related images is highly textured, (ii) significant intensity changes can occur along axial reflections, (iii) the outer borders of walls are low contrasted, and (iv) some vessel segments can be locally blurred due to the geometry of the retina. This problem is by far more challenging for images from pathological cases since a large variability of morphological deformations can locally occur along arteries, which generally present a poor contrast on walls. Since AO-based fundus cameras remain uncommon yet, only few papers have addressed this issue. Recently, an automatic procedure was proposed where the walls are modeled as four curves approximately parallel to a common reference line located near axial reflections [7] . Once the line is detected, the artery walls are pre-segmented using a tracking procedure to cope with morphological deformations. Then, they are segmented using an active contour model embedding a parallelism constraint to both control their distance to the reference line and improve the robustness against the noise and lack of contrast. The accuracy of this approach on pathological cases has however not been assessed.
